S
ince the birth of synthetic chemistry about 180 years ago, society has loved the wonders bestowed by the field, such as life-saving medicines, pest control and molecules that light up telephone displays, yet has harshly criticized it as being solely responsible for pollution and environmental harm. Synthetic biology emerged as an alternative for constructing molecules only about ten years ago, but some have already proclaimed 7 that it will supplant chemical synthesis. No one should doubt the usefulness of synthetic biology, or its potential to shorten synthetic routes and reduce waste in chemical production. But we are convinced that synthetic chemistry will continue to dominate for the foreseeable future (Fig. 1b) , for three main reasons.
The first reason is that chemical synthesis is the best way to solve supply problems. For decades, synthetic chemistry has provided sufficient quantities of agrochemicals, medicines, perfumes and materials for society's needs. The pharmaceutical industry in particular relies on chemical methods for the large-scale production of most small-molecule drugs. The majority of these compounds are based on molecular structures not found in nature, which means that they cannot be prepared through enzymatic processes and are likely to be toxic to the host organisms used in synthetic biology. Synthetic biology has had a crucial impact on the commercial production of some medicines derived from complex natural products, such as artemisinin 2 and the anticancer drug paclitaxel (Taxol) 8 . But natural products are essentially the only compounds for which biological syntheses can compete with chemical ones, because evolution has optimized the bio synthesis of those products over time.
So the supply of chemicals is best addressed by synthetic chemistry, unless a specific natural product is required in large quantities -and even then, semi-synthetic strategies involving a few chemical steps are often required. In fact, total chemical syntheses of natural products are becoming increasingly efficient and scalable, as demonstrated by the impressive routes used to make tetracycline antibiotics 9 and the anticancer agent eribulin 10 . A practical chemical synthesis of artemisinin has also now emerged 11 that could form the basis of an industrial-scale process for making the drug, and a large-scale synthesis of Taxol is being developed 12 .
Optimizing the properties of useful compounds, or adapting their functions to new applications, often requires modification of their molecular structures. The second reason that synthetic chemistry will endure is that chemical methods provide a reliable set of tools to do this in many fundamentally different cases. Moreover, unlike biological syntheses, chemical syntheses can often be developed and implemented rapidly, which is a great advantage.
The third reason is that chemistry excels in the invention of unnatural molecules that have desirable physical properties -such as dyes for printable organic solar cells, fluorescent probes for biological research or radio labelled drugs used in medicine. The molecular needs of vibrant modern fields such as supramolecular chemistry, chemical biology and nanotechnology can be addressed only by synthetic chemistry. This is partly because the required molecules contain motifs that nature cannot assemble or that would be toxic to host organisms when biosynthesized at the concentrations required for a practical production process. The exponential pace of development of these fields also means that the compounds needed are continuously changing, limiting the time available to synthesize and evaluate them. General chemical methods that can be applied quickly are therefore much more suitable for making such compounds than bioengineering.
Over the years, many people have advocated alternatives to synthetic chemistry or expressed the opinion that it is already a mature field and that all future advances will be incremental at best. But the field is as lively as ever: a seemingly infinite number of problems are waiting to be solved, and legions of talented students are eager to solve them. Synthetic biology surely has a bright future, but no approach to making molecules is more generally useful and has such seemingly limitless potential than synthetic chemistry. It is here to stay. ■ 
Abraham Mendoza

All clear for ribosome landing
The discovery of a dramatic structural rearrangement that is stabilized by an RNA scaffold helps to explain how nascent proteins are delivered for export from the cell cytoplasm. See Letter p.271 H A R R I S D . B E R N ST E I N P rotein sorting within a cell is not an easy undertaking. The synthesis of many proteins destined to leave the cell or to become part of a cellular membrane must be coupled with their transport across or into the appropriate membrane. A universal RNAprotein complex called the signal recognition particle (SRP) plays an essential role in this process by interacting with ribosomes, the cell's protein-synthesizing factories, while they are engaged in protein translation. SRP then escorts the translating ribosomes to a cellular organelle known as the endoplasmic reticulum or, in bacteria, to the cytoplasmic membrane, where they dock onto a transport channel called the Sec complex, or SecYEG in bacteria. SRP must presumably be displaced from the ribosome for docking to happen, but the mechanism of this molecular exchange has been an enigma. On page 271 of this issue, Shen et al. 1 provide compelling evidence that a remarkable conformational change driven by the RNA component of SRP enables the ribosome to deliver its protein cargo efficiently.
Most membrane and secreted proteins that emerge from translating ribosomes carry a signal peptide -a sequence at their amino terminus that earmarks them for export from the cytoplasm. SRP recognizes and binds to this peptide and then interacts with a membrane receptor (FtsY) before releasing its nascentprotein cargo and transferring the ribosome to SecYEG (Fig. 1) . This co-translational mode of protein targeting ensures that proteins destined to leave the cytoplasm begin their journey before they aggregate or fold into a structure that cannot fit through the SecYEG channel.
Although SRP has undergone dramatic expansions and contractions during evolution, even the simplest bacterial SRPs contain two highly conserved core elements -a protein (Ffh) that binds to the signal peptide and an elongated, roughly 100-nucleotide RNA that forms a 'hairpin' . Despite this relative simplicity, SRP must not only distinguish signal peptides from the bulk of nascent polypeptides, but also release them at the right place and time.
Many aspects of the protein-targeting cycle mediated by SRP are well understood. For instance, it is known that the signal-peptiderecognition and RNA-binding activities of Ffh both reside in a single domain, called the M domain. Also, both Ffh and FtsY contain a GTPase domain that hydrolyses the nucleotide GTP to GDP and thereby acts as a regulatory switch. In the presence of a signal peptide, SRP RNA catalyses an inter action between the GTPase domains of Ffh and FtsY, and the binding of GTP brings the two domains into close proximity 2, 3 . Subsequently, structural rearrangements in the GTPase domains promote GTP hydrolysis, disassembly of the SRP-FtsY complex and dissociation of SRP from the ribosome 4 . Moreover, in the bacterium Escherichia coli, FtsY seems to recruit SecYEG to ensure that nascent polypeptides are released at the correct location 5 . Despite much progress, however, it has remained unclear how the transfer of ribosome-nascent-protein complexes to SecYEG is coordinated with the enzymatic activity of the GTPase domain and the recycling of the SRP-FtsY complex. To complicate matters, SRP and SecYEG bind to overlapping sites on L23, a ribosomal protein located at the point where nascent poly peptides emerge from a tunnel in the large subunit of the ribosome 6 . SRP must therefore be reoriented without prematurely releasing its ribosome-nascent-protein cargo.
A clue as to how the transfer might occur emerged from a crystal structure of the SRPFtsY complex 7 that captured the interacting GTPase domains bound to a sequence near the distal end of the SRP RNA hairpin. This configuration was unexpected, because previous work 8 had shown that the complex is stabilized by bonds between the FtsY GTPase and a 4-nucleotide turn (a tetraloop) at the top of the hairpin. The structure 7 suggested that the two domains might travel together to a remote 'landing pad' more than 100 ångströms away after first interacting at the tetraloop. Such spectacular molecular gymnastics would be possible only because the two domains of Ffh are connected by a flexible linker.
To obtain direct evidence for this putative large-scale movement and to glean its functional significance, Shen et al. attached a dye to the FtsY GTPase domain and a different dye to the distal end of SRP RNA. They then measured the distance between the dyes throughout the SRP cycle using an innovative method called single-molecule fluorescence resonance energy transfer (smFRET). In this way, they could obtain precise positional information about individual Ffh-FtsY GTPase complexes.
The authors made several intriguing observations. They not only showed that the Ffh-FtsY GTPase complex relocates to the far end of the SRP RNA hairpin, but also obtained evidence that the complex undergoes a lengthy 'search process' before landing at its new destination. This migration is stimulated by SecYEG and requires a conformational change within the GTPase complex that primes it for GTP hydrolysis. The relocation of the complex is also required for both GTP hydrolysis and effective delivery of the nascent protein to SecYEG. Taken together, these results suggest that the GTPase complex is brought to the brink of activation, whereupon its relocation to the distal end of the RNA exposes the nascent protein's exit site on the ribosome and allows the ribosome to dock onto SecYEG (Fig. 1c, d ). The relocation also stimulates GTP hydrolysis by the complex and SRP recycling.
Although Shen and colleagues' work provides notable mechanistic insights, it also raises several questions. For one, how does SecYEG trigger the reorientation of the FfhFtsY GTPase complex and the subsequent hydrolysis of GTP? Also, in the likely event that the signal peptide remains bound to the M domain of Ffh upon relocalization of the GTPase complex, what catalyses cargo release? One possibility is that the movement of the complex reduces the affinity of Ffh for the signal peptide by repositioning another segment of Ffh that has been proposed 9 to participate in substrate recognition. Finally, how can these results be reconciled with the observation 10 that the distal end of SRP RNA is not required for a cell to survive? It is conceivable that, even in the absence of a distal binding site, transient displacement of the GTPase complex from the tetraloop allows the translating ribosomes to be transferred to SecYEG, albeit with reduced efficiency.
Perhaps the most striking implication of Shen and co-workers' study is that the two ends of the SRP RNA hairpin have distinct functions at different stages of the targeting cycle (Fig. 1) . We take it for granted that proteins can be multifunctional, but much less is known about the capabilities of the many RNAs found in nature. As the characterization of RNA proceeds, the message that even a small nucleic-acid sequence can encode considerable functional information is certainly worth bearing in mind. ■ The widest binary star systems pose a challenge to theory: true stellar twins could not form so far apart. Simulations suggest these twins are in fact triplets, two of which masquerade as one star and cast out the third. See Letter p.221
Harris D. Bernstein is in the Genetics
A bout half of all stars are found in pairs, presumably because they were born as twins. Although there is no consensus theory for exactly how binary stars form, it is gratifying that most cases satisfy a basic check on the twin-birth hypothesis: that binary-star orbits be small enough to fit within the protostellar 'cloud cores' in which stars form. Most cases, that is, but not all. Some binary stars have orbits comparable in size to entire star clusters. In this issue (page 221), Reipurth and Mikkola 1 describe simulations showing that such ultrawide binary systems may be explained if they are born not as twins, but rather as triplets that undergo an intricate dance -a dance that at first protects but later expels one of the three siblings*.
The existence of wide binary star systems has been known about for a long time 2 , and some of the best examples are very familiar. Our nearest stellar neighbour, Proxima Centauri, is a gravitationally bound 3 companion of our next-nearest, α Centauri, even though the two are physically separated by about 0.1 parsecs (about 15,000 times the Earth-Sun separation, or about 500 times the size of the Solar System). In the past few years, large astronomical surveys have discovered 4,5 thousands of such systems (Fig. 1) , comprising a few per cent of all binary star systems.
One explanation is that the stars in these ultra-wide systems were not born together, but were brought together after birth. Indeed, simulations have shown [6] [7] [8] that two stars can be paired through a mutual, 'soft' gravitational capture when a cluster of hundreds of stars slowly disperses after formation. This mechanism is appealing for at least three reasons. First, it explains why the widest binary systems have separations comparable to the sizes of star clusters. Second, it explains how such wide binaries survive the harsh, crowded environments of star clusters: they do not have to, because they come together only on leaving the cluster. Third, observations of wide binary systems show 4 a strikingly bimodal distribution of separations, which seems to be reproduced in cluster-dispersal simulations.
The simulations by Reipurth and Mikkola represent a fresh take on the problem. They follow the dynamical gravitational inter action of each of 180,000 stellar triplets, from their birth in cloud cores up to an age of 100 million years, when star clusters such as the Pleiades complete their formation and begin to disperse. These simulations mimic the variety of perturbations, collisions, flybys and slingshots that three gravitationally interacting bodies will exert on one another.
In the authors' simulations, 90% of the triplets disrupt themselves -but about 10% persist. Seen from a distance, these survivors do not resemble triplets so much as wide pairs: two of the three stars form a tight pair. The simulations show that these triplets survive because they initially have a compact configuration -necessary to fit within their natal clouds -that permits them to withstand the jostling of a thousand stellar neighbours in the birth cluster. But over time, the three siblings develop a rivalry that brings two of them tightly together at the expense of the third, which is cast out to an increasingly distant orbit about the tight pair. These 'hierarchical' triplets, the authors argue, are what observers see as wide binaries: the tight pair masquerades as a single star owing to the limited imaging resolution of our telescopes.
It remains to be determined whether this hypothesis is consistent with all of the observational data on ultra-wide binaries. One highresolution imaging study showed 9 that as many as 30% of such binaries were indeed triplets. By contrast, an analysis of the radial velocities of ultra-wide binary systems found only about 10% to be triplets 10 . To ascertain whether all apparently wide binaries are in fact triplets, both types of measurement must be applied to a large sample of systems. Furthermore, certain . Each image is 50 arcseconds on a side, corresponding to physical separations of the binary systems of up to 1 parsec. The systems include 'identical twins' (a-d) and non-identical twins (e-j). In some cases, the systems are found to be triplets (l-o) or even quadruplets (k). Reipurth and Mikkola show 1 that one explanation for ultra-wide binary systems is that they are born as triplets.
*This article and the paper under discussion 1 were published online on 5 December 2012. 
